Recently, Hans-Andreas Engel and Daniel Loss proposed an interesting protocol of electrons spin parity measurement. In addition, they suggested a way of constructing controlled NOT (CNOT) gate and unviersal quantum computer with this measurement. However, a quantum erasing procesing will happen and their construction will become challenging, if the indistinguishability of two electrons in one quantum dot is taken into account. We re-employ the spin parity measurement, and show that quantum non-demolition (QND) measurement of Bell-states, the preparation of n-particle GHZ states, and then quantum computation are still realizable in quantum dots, even if the indistinguishability of electrons is included.
Introduction
Since D. Loss and D. P. DiVicenzo proposed a quantum computation protocol based on spin electrons trapped in semiconductor quantum dot (QD) in 1998, the potential of QDs for implementing tasks in quantum information processing (QIP) has been intensely studied both theoretically and experimentally [1, 2] . The spin of an excess electron in the dot represents a promising qubit realization in such systems and it can be more accessible or scalable compared with microscopic systems such as atoms or ions [3] . In work [4] , DiVincenzo put forward five criteria, which must all be satisfied for any physical implementation of a quantum computer. There is a detailed review of the experimental progress on the spin qubit proposal using these five criteria [5] . It has been claimed that three criteria (well defined qubits, initialization and readout) can be already satisfied and future experiments may focus on measuring the coherence time via the coherent manipulation of single spins and the coherent coupling and manipulation of spins in neighboring dots.
Although it has been shown [6, 7] partial measurements is sufficient for quantum computation with photons, the extension of this paradigm to other systems is highly challenging and desirable. In the so-called measurement-based quantum computation, gates coupling qubits are no longer required and this eliminates the need of high precision control of the strength and pulsing between qubits. Recently, H.-A. Engel and D. Loss presented a novel protocol of electrons spin parity measurement [8] , which explores the fact that resonant tunneling between the dots with different Zeeman splittings is only possible when the spins are antiparallel. By measuring the charge distributions between the two dots with a charge detector, such as quantum point contact (QPC) [9, 10, 11] , one can nondestructively know that two electrons initially loaded in one QD have either parallel or antiparallel spin configuration. In addition, they suggested a construction of CNOT gates in the way of C. W. J. Beenakker et. al, which requires two such parity measurements, an ancillary qubit, a single-qubit measurement, and the application of single-qubit operations depending on the measurement outcomes. However, this way of constructing may be challenging in view of energy degeneracies and indistinguishability of two electrons in one quantum dot.
Consider two electrons which are initially separated in quantum dot 1 and dot 2. Their states are respectively Ψ ± i,ri = (a |↑ i,ri ± b |↓ i,ri ) and Φ ± j,r2 = (c |↑ j,r2 ± d |↓ j,r2 ) , where i, j = 1, 2 represents two electrons and r1, r2 are their positions, |a| 2 + |b| 2 = 1 = |c| 2 + |d| 2 . When electron in dot 1 is coherently loaded in dot 2 under certain adiabatic operation H, the two electrons state can be written as Ψ + 1,r1 Φ + 2,r2 = ac |↑↑ 1,r2;2,r2 + bd |↓↓ 1,r2;2,r2 + ad |↑↓ 1,r2;2,r2 + bc |↓↑ 1,r2;2,r2 . It is believed that one can coherently separate the two electrons again with the anti-adiabatic operation H −1 , and their states return back to Ψ + 1,r1 and Φ + 2,r2 . However, the adiabatic loading and separating operations may be very challenging as there are energy levels degeneracies in this adiabatic evolving process, for example the energies of state |↑↓ 1,r2;2,r2 and state |↓↑ 1,r2;2,r2 are degenerate. The states |↑ 1,r1 |↓ 2,r2 and |↓ 1,r1 |↑ 2,r2 are also degenerate in the case that dot 1 and 2 are identical and have the same Zeeman splittings. In addition, the employed adiabatic processing should be so slow that the effect of electron spin-orbital coupling could not be neglected. Rigid analysis of this adiabatic process with degenerate engeries is very involved and will be given otherwhere [12] . Nevertheless, we can intuitively analyze it by considering the indistinguishability of two electrons in one quantum dot and rewrite the two electrons state Ψ
In fact, there can be regarded to having a quantum erasing processing of states Ψ . Thus the proposed way of constructing CNOT gates can be directly shown to be unaccessible in this case [13] .
Noticeably, the original paper [8] has mentioned that single qubit rotations, full Bell-state measurement and some initial source of entanglement, are sufficient to build CNOT gates and a universal quantum computer [14] . As single qubit rotations of electron in individual quantum dot can be straightly achieved with radio-frequency field in quantum dot, we will then focus on the other two requirements. By exploring H.-A. Engel and D. Loss' electron spin parity measurement, we demonstrate that Bell-states QND measurement and n-particle GHZ states preparation are still achievable, even if the indistinguishability of electron and quantum erasing effect is included. In addition, the inherent advantages of the original propose, such as the elimination of highly precision control of coupling, are kept while the experimental realization is simplified in present protocol.
QND measurement of the Bell-state
The idea of QND measurement of Bell-state is firstly proposed in paper [15] .If two qubits are initially in a Bell state, this measurement can non-destructively check out in which state they are. And if the two qubits are not in Bell states, they can be prepared in any Bell states. In this sense, the QND measurement can be used as both a common Bell-state analyzer and a Bell states generator. In the original QND protocol, CNOT gates are employed, which challenges its realization under present experimental conditions. Now through the electron spin parity measurement of H.-A. Engel and D. Loss, the QND measurement of Bell states can be implemented straightforwardly as shown in Fig 1. Initially, two electrons 1 and 2 are both loaded into dot A. It should be pointed out that this loading process is required to be coherent only when we want to make Bell states measurement of two electrons. In this stage, the gate between the dots A and B is closed and the two electrons stay in dot A. The two quantum point contact(QND) charge detectors D 1 (0) = 1 and D 2 (0) = 0. In the first step, we open the gate for some time t (about 20ns [8] ). If their spins are antiparallel, the two electrons can tunnel to dot B, and then two charge detectors will click as D 1 (t) = 0 and D 2 (t) = 1. Correspondingly, if their spin are parallel, the two electrons will stay in dot A and the detectors remains as D 1 (t) = 1 and D 2 (t) = 0. In this way, we know whether the two-electron spin state|AA belongs to the Hilbert space of states To realize Bell-state QND measurement, we proceed to irradiate the two electrons with a radio-frequency field, which rotates their respective spins as
Accordingly, these Hadamard operations will rotate the two-electron state as [15] :
In the following step, we re-open the gate for some time t and observe the two detectors D 1 (2t) and D 2 (2t). Combined with D 1 (t) and D 2 (t), we can determine exactly which Bell state the two electrons initially belong to just as shown in Table 1 . 
Lastly, we irradiate the two electrons and make Hadamard operations similarly as step 2. In this way, the final output state will recove to the initial state if the two electrons is primarily in a Bell state. A completed Bell states measurement is implemented non-destructively.
Obviously, if the two electrons are initially in an arbitrary state Φ 12 = aΦ + + bΦ − + cΨ + + dΨ − ,where a, b, c, d ∈ C, the above measurement process will project them into one of the Bell states:
For example, we have a probability of |d| 2 to project the two electrons into state Ψ − . In this sense, the above measurement can be also regarded as spin-electron Bell states generation protocol, which theoretically has unit efficiency. Due to the particular properties of Bell state, the indistinguishability of electron has no effect in this QND Bell-state measurment. By separating the two electrons coherently and then making some single qubit rotations, we can get any other Bell-state.
3 Preparation of the n-particle GHZ state
After the demonstration of two electrons full Bell states measurements, we now discuss the preparation of the prior required GHZ entanglement states [14] . We assume that we have gotten two electrons in the state (|↑ + |↓ ). Thus such three electrons state can be written as:
In view of the indistinguishability of two electrons (electron 2 and 3) in dot B, the above state can be rewritten as
(5) Then we measure spin parity of electron 2 and 3 through the process as above. Obviously, we have 1/2 probability to measured the two electrons in parallel spins, and project the three electrons into GHZ state
After coherently separating one electron from the dot B to dot C, the three electrons respectively in dot A, B, C are prepared in GHZ stateΨ ′′ 123 , which can be rotated into any other GHZ state with single qubit operation. Certainly, the two electrons in dot B have 1/2 probability to be measured in anti-parallel spins. In this case, the three electrons are projected into a product state, which is useless to us.
Obviously, the above process can be directly generate to the case of nelectron GHZ states preparation (n > 3) by comparing the spins of the electrons between two dots in turn. In this way, the generation efficiency is 1/2 n−2 . In fact, the above GHZ state generation procedure is very similar to the idea of S. Bose et. al. [21] , which states that the entangled states involving higher number of particles can be generated from entangled states involving lower number of particles by employing the same procedure as entanglement swapping. The basic ingredients of the original paper [20, 21] are a Bell state measuring device and some L-particle (particle of lower number (n = 3) ) entanglement states. However, it can be proved that the required lower numbers of particles entanglement states can be just 2-particle entangled states with the present partial Bell state measurement. Firstly, we prepare two copies of entangled states of n/2 ( for example, assume n is even) electrons in the form Ψ n/2 = (|↑↑↑ ... ↑ 123...
Secondly, we coherently draw one electron from each of the two copies into a dot. By checking these two electrons spins (if it is parallel), we can get the entangled state of n electrons Ψ n = (|↑↑↑ ... ↑ 123...n + |↓↓↓ ... ↓ 123...n )/ √ 2 with 1/2 probability. As the success probability of each time parity checking is 1/2, this n (n ≥ 2) electrons preparation protocol has an efficiency of 1 2 n/2−1 (n is even) or 1 2 (n+1)/2−1 (n is odd). As the n electrons in Ψ n are respectively in n quantum dots, we can rotate it into any other n-particle GHZ entangled states with single-qubit operations.
Conclusion
In view of the electron indistinguishability, we state that a quantum erasing procedure happens when two eletrons are loaded in one dot. Then we re-employ the novel partial Bell-state measurement of Fermionic qubits of the article [8] , for the realization of the QND measurement of Bell-state and the preparation of the n-electron GHZ states. Compared to the original protocol, the loading and separating process are required to be coherent in stead of being adiabatic, which may make the neglecting of the spin-orbit interaction effects in electron transport more sensible and speed up the computation operations. [8] . Furthermore, the present modified protocol has similar robustness to the experimental noises, such the effect of extra phases from the the inhomogeneous Zeeman splittings, finite J and different tunnel couplings of singlet and triplet. It is noted that the precision of the detection of the charge detectors or the fidelity of QPC measurements, which greatly influence the success of the electrons spin parity checking and the present protocols, has been recently analyzed in detail [9] . Thus in principle, universal scalable quantum computer based on quantum dots can be still implemented, even if the indistinguishability of two electrons in one dot is involved. [21] S. Bose, V. Vedral, and P. L. Knight, Phys. Rev. A 57, 822 (1998). Fig. 1 . Schematic picture of the Bell-state analyzer, which includes two coupled quantum dots (circle A and B), two quantum point contact charge detectors (triangle D 1 and D 2 ) and a gate (solid vertical line). Dot A and B are assumed to have different Zeeman splitting, and the individual tunneling events can be efficiently identified with a time resolved measurement [9, 16, 17, 18] . The gate switches on and off the coupling between dot A and B. Here we consider only the case that the two electrons are both in dot A or in dot B |AA and |BB , as the coupling to the state |AB is small [8] . The two electrons tunneling between states |AA and |BB is only resonant, when they have antiparallel spins and in the Hilbert space {Ψ ± = (|↑↓ ± |↓↑ )/ √ 2}. If they are in space { Φ ± = (|↑↑ ± |↓↓ )/ √ 2}, these two electrons will remain on the initial dot. This requirement is the key principle of electrons spin parity measurements. If the two electrons are both in the dot A (or in the dot B), D 1 = 1 and D 2 = 0 (or D 2 = 1 and D 1 = 0 ). Fig. 2 . Schematic picture for preparation of the 3-electron GHZ states. Initially, dot A, B and C each has one electron. The electron transportation between quantum dots is assumed to be coherent, which can be achieved by controlling the charge degree of freedom. Spin parity measurement of two electrons is made in dot B.
